INTRODUCTION
The increased popularity of diesel engine due to low fuel consumption at a higher power, coupled with lower operating costs. The diesel engines are installed in vehicles designed to carry heavy loads, cars, stationary devices, allowing production of electricity, which is much more economical compared to other similar, with the same dimensions. Recently also seen rises in sales of passenger cars equipped with diesel engines [12] . In relation to expectations for improving the quality of diesel fuel (DF) and an increase in sales of cars with diesel engines, manufacturers must work in terms of improving power, fuel efficiency and reduce harmful exhaust emissions (EE). These emissions are identified as carcinogenic and the requirements of the laws are insurmountable in this respect [8] . Another way to reduce emissions is the use of vegetable oils as fuel for diesel engines under the common name biodiesel. It is produced from oils and fats by transesterification and is a liquid similar in composition to a conventional diesel fuel. The use of vegetable oils for operation of the internal combustion engine is an alternative for the coming years. Their production is associated with certain environmental effect. For now there are test results of rapeseed and soybean oils. Vegetable oils are in themselves complex of organic compounds. The main part of all oils is complex ether of tri-atomic alcohol-glycerine and a fatty acid, which is also called glyceride [1] . In its chemical composition are contained primarily fatty acids or ethyl ester. To qualify for the ecology and, along with it to maintain and low fuel consumption needed to optimize combustion in the diesel engine. Along with this is not solved yet and the concept concerning the production of diesel engines and their economic feasibility. They are very comfortable for power plants in sparsely populated and rural areas where agricultural production due to the ease of maintenance, economy and durability, also produce less harmful emissions than petrol engines [10] . On the other hand higher emissions of nitrogen oxides NO x and smoke particles (SP) is one of the main problems with the combustion gases. The latter contain carbon dioxide, CO 2 , H 2 O vapor, nitrogen N 2 and oxygen. Carbon monoxide CO, hydrocarbons CH, nitrogen oxides NO x and smoke particles are present in smaller in terms of ecology particles. NO x is composed of nitric oxide NO and nitrogen dioxide NO 2 , and both are considered to be harmful to human health and the environment more harmful is believed NO 2 from NO. From the diesel engine is mainly formed NO, therefore, is paid special attention to reducing its formation [4] .
EXPOSURE
The formation of NO takes place inside the combustion chamber of the engine, where there is zone with a high temperature and the presence of excess oxygen. This process can be described by the formula of Zeldovich. The main reactions for the formation of NO can be described as follows:
In order to reduce the NO x formation in the combustion chamber, to reduce the concentration of oxygen therein. Although there are additives to improve cetane number, which are very expensive, and capable of reducing NO x , this is insufficient to achieve the required result.
In some engines is used water injection to control NO x , but this increases corrosion processes in the engine, moreover, increases its weight, due to the presence of the auxiliary tank, as well as to maintain a constant water temperature in cold weather [5] . One of the effective methods for controlling NOx formation is the use of exhaust gas recirculation EGR -Exhaust Gas Recirculation. Since exhaust gases consist mainly carbon dioxide, nitrogen and others. They have a higher specific heat ratio compared with the ambient air. Using EGR, is replaced part of the fresh air charge entering the combustion chamber of the engine with carbon dioxide and nitrogen found in the combustion gases. As a result, is reduced the amount of oxygen and is disrupted the condition of the formation of NO x . Air to fuel ratio is decreased. This essentially influences the emission of combustion gases. It can be noted that the mixing of inlet air with combustion gases increases the specific heat ratio of the fresh charge, which leads to reduction of the combustion temperature in the chamber of the engine. As a whole the reaction rate of the formation of NO x is decreased. EGR is determined in% by the following formula:
where: А EGR -mass of the incoming air without the valve of the combustion gases recirculation system; В EGR -mass of the incoming air with the valve of the combustion gases recirculation system. Engines using EGR have a small amount of harmful emissions into the combustion gases from these engines not using EGR, as part of combustion gases is recirculated, ie they are reused. Thus even if the concentration of harmful emissions into the combustion gases remains unchanged, the total amount of emissions reduced in the same volume. Diesel engines operating at lower loads can operate with a high degree of EGR. At high loads, the presence of oxygen in the combustion gases becomes very small and emissions began to dominate with increasing temperature of the combustion gases, which is a prerequisite for the formation of more smoke due to oxygen depletion [11] .
In some studies have achieved lower levels of NO x , as used highly diluted air charge and values of the EGR about 44%, which reduces the content of smoke particles. On the other hand, this high rate of EGR increases fuel consumption [9] . It has been found that when an appropriate value of the EGR is improved economy and emissions of CH. This is due probably due to the increase in the temperature of the intake air supplied from the EGR system, which improves the flame propagation in a relatively small area of the total volume of the fuel-air mixture that is not evenly distributed [6, 7] . In another study is found that when operating a diesel engine with dual fuel -diesel fuel and natural gas, at lower loads is lower the level of harmful emissions, because yielding poorer mixtures, making ignition them more difficult. Using the EGR are improved the environmental performance of the engine. The use of EGR leads to an increase of the effective specific fuel consumption and the values of the smoke particles. Reducing the combustion temperature, results in low values of formation of the smoke particles due to the re-burning. The formation of the smoke particles is a process that obtains degradation of CH under the influence of high pressure and temperature in the combustion chamber, in the presence of a large amount of oxygen. Here, α is in the range of 0,33 to 0,7 and can be expressed with the equation:
With the increase of the temperature (from 1000 o to 2800 o K) and pressure (up to 5-10 MPa) in the combustion chamber is increased and the quantity of smoke particles. Not least on their formation, have an impact and the type of fuel used. Increased values of the smoke particles cause premature wear of engine parts -cylinder liners, piston rings, valves and bearings. The wear of the materials is increased and hence the chemical reactions occurring on the surface -adsorption, corrosion, or due to the abrasive action of the smoke particles. The use of EGR affects the life of the lubricating oil and hence the lifetime of the engine. It is experimentally proved that the smoke particles interact with additives in lubricating oil, such as deteriorated anti abrasive action and increased engine wear [2, 3] . The increased levels of smoke particles in lubricating oil causing its thickening and adverse effect on the piston rings by impairing their pumping action with respect to return the oil back into the oil sump of the engine. To improve system efficiency EGR apply intermediate cooling of the recirculating combustion gases. This increases the density of the working medium, which improves engine performance parameters of the engine and reduces the emissions of NO x . At the same time the presence of moisture in combustion gases, induces and increase the corrosion process in the combustion chamber. Table 1 shows the standards that must meet emission engines complying with the new requirements. ; Gas distribution mechanism -SOHC The engine was tested under different loads (40-100% Ne) and at a constant speed of the crankshaft -1500 min -1 . Different is the degree of the EGR (0, 15 and 25%). The aim of the experiment is to analyze and graphically present the data obtained for CH, CO and NOx. For data processing were used 4 types of mathematical models -exponential, linear, logarithmic and polynomials. It was found that polynomial model of second order, best fits for establishing the equations of the form:
This model describes with sufficient accuracy experimentally obtained data, which is confirmed by the regression coefficients, which are between of 0,9 -1. Figure 1 shows the change of the CH in the engine operation in the regime described above. Figure 1 . Change in CH depending on the engine load Figure 2 shows the change of CO in the engine operation in the regime described above. The obtained characteristics expressing the change of the emission of CO and CH have shown that with an increase in the load is increased and their values. It is in direct relation to increasing the rate of EGR. At various places in the combustion chamber arises the area of zones with a lower concentration of oxygen, which is characteristic of the rich fuel-air mixture. This heterogeneous mixture does not burn completely and leads to higher levels of CO. At partial load, poor mixtures are more difficult to ignite due to their heterogeneity, leading to higher values of HC and CO. Figure 3 shows the main advantage of the use of EGR to reduce NO x emissions of a diesel engine.
For EGR = 0% y = 9,375x 2 In the zone of partial load O 2 is in a sufficient amount, but with increase of the load, O 2 decreases sharply, resulting in a reduction of NO x . This in turn reduces the values of NO x at higher loads as compared to incremental loading.
